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A silicon nitride film is first formed on a semiconductor substrate and serves as a polishing stopper film. Then, the silicon 
nitride film and the semiconductor substrate are etched in a predetermined region to form an isolating trench which 
partitions an active region. Next, a silicon dioxide film is deposited on the semiconductor substrate so that the isolating 
trench is filled with the silicon dioxide film. Next, first-stage chemical mechanical polishing (CMP) is performed with a 
Si02-contained slurry which can efficiently polish the surface of the silicon dioxide film regardless of level difference. 
Finally, second-stage CMP is performed with a Ce02-contained slurry ensuring a large polishing selectivity ratio of the 
silicon dioxide with regard to silicon nitride films 



BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a method of manufacturing a semiconductor device and, more 
particularly, to a manufacturing method suitable for forming efficiently an isolating trench which partitions an active 
region in a semiconductor substrate. 
[0003] 2. Description of the Background Art 

[0004] Semiconductor integrated circuits (ICs) are required to be able to completely independently control individual 
devices. For this reason, in the fabrication of semiconductor ICs there is a need to form the structure having element 
isolating regions which prevent electrical interference among a plurality of devices. For example, trench isolation and 
localized oxidation of silicon (LOCOS) are widely known as the method for forming the aforementioned element 
isolating regions. 

[0005] The trench isolation method is one which forms a trench in a semiconductor substrate and then fills the trench 
with an insulator to form an isolating region. According to the trench isolation method, a bird's beak, which will occur in 
the LOCOS method, will rarely occur. To accurately form the isolating region, it is undesirable for a bird's beak to 
occur. In this regard, the trench isolation method is an isolating-region formation method indispensable for advancing 
miniaturization of semiconductor ICs. 

[0006] The tolerance for accuracy of lithography and etching that are performed in the semiconductor IC manufacturing 
process becomes less as miniaturization of semiconductor ICs advances. To enhance lithography accuracy and 
etching accuracy, it is important to ensure the planarization of a semiconductor IC in the manufacturing process. For 
this reason, in the process of forming an isolating region by the trench isolation method, chemical mechanical polishing 
(CMP) has been used extensively for planarizing a semiconductor IC favorably. 

[0007] FIGS. 15A through 19B are sectional views for explaining the contents of a former trench isolation method that 
is performed in the IC manufacturing process. FIGS. 15A, 16A, 17A, 18A and 19A are sectional views showing a 
section where two isolating regions are provided adjacently to each other, while FIGS. 15B, 16B, 17B, 18B and 19B 
are show sectional views showing a section where a relatively large active region is formed near an isolating region. 
[0008] In the former trench isolation method, as illustrated in FIGS. 15A and 15B, a silicon dioxide (Si02) film 12 and a 
silicon nitride (SiN) film 1 3 are formed in this order on a silicon substrate 10. Then, a layer of resist (not shown) is 
formed on the SiN film 13 by a photo-lithographic process. The resist is formed so as to have openings on the regions 
where isolating regions are to be formed and cover active regions where elements are to be formed. After formation of 
the above-mentioned resist, etching is performed while the resist is used as a mask, whereby an isolating trench for 
partitioning an active region is formed. 

[0009] After the formation of the isolating trench, silicon dioxide (Si02) is deposited on the silicon substrate 10 through 
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use of a chemical vapor deposition (CVD) method, as illustrated in FIGS. 16A and 16B. As a result, the isolating trench 
is filled by a Si02 film 14. Then, CMP is performed to remove the protruding portion of the Si02 film 14. During the 
CMP process, the SiN film 13 serves as a stopper film. As a result, SI02 remains only within the isolating trench, as 
illustrated in FIGS. 17A and 17B. 

[0010] Next, as illustrated in FIGS. 18A and 18B, the SiN film 13 is removed through use of a phosphoric acid heated 
to a predetermined temperature. Finally, as illustrated in FIGS. 19A and 19B, the Si02 layer 12 is removed through use 
of a fluoric acid. The aforementioned steps results in a formation of a trench-shaped isolating region. 
[001 1] In the former trench isolation method, CMP for polishing the protruding portion of the Si02 film 14 is performed 
by employing slurry containing Si02. However, the polishing selectivity ratio of a Si02 film and a SiN film implemented 
by the slurry containing Si02 is about 3:1 . To polish efficiently only the Si02 film 14 by the CMP so as to ensure a 
desirable polished quality, it is advantageous that the above-mentioned selectivity ratio has a greater value. It is also 
desirable that the above-mentioned selectivity ratio have a great value in order to favorably flatten the surface of the 
silicon substrate 10 by execution of the CMP. 

[0012] To manufacturing semiconductor ICs having stable quality at a high yield, it is important to fabricate isolating 
regions efficiently and accurately. Further, to fabricate isolating regions efficiently and accurately, it is important to 
ensure a desired polished quality stably by CMP as well as to ensure a favorable flatness by CMP. For these points, in 
the former trench isolation method, there is yet room for improvement which enhances a yield of semiconductor ICs 
having stable quality. 

SUMMARY OF THE INVENTION 

[0013] The present invention has been conceived to solve the previously-mentioned problems, and a general object of 
the present invention is to provide a novel and useful method of manufacturing a semiconductor device. 
[0014] A more specific object of the present invention is to provide a manufacturing method for semiconductor devices 
in which CMP is executed under a condition suitable to ensures a desired polished quality and a favorable flatness, 
thereby enabling a high yield manufacturing of semiconductor devices having stable characteristics. 
[0015] The above object of the present invention is achieved by a method of manufacturing a semiconductor device 
including the steps below. The method includes a step for forming a silicon nitride which serves as a polishing stopper 
film on a semiconductor substrate. The method includes a step for etching the silicon nitride film and the semiconductor 
substrate in a predetermined region to form an isolating trench which partitions an active region. The method also 
includes a step for depositing a silicon oxide film on said semiconductor substrate so that said isolating trench is filled 
with said silicon oxide film. The method further includes a step for polishing the silicon oxide film which is in an exposed 
state to reduce level difference in a surface thereof through use of a first slurry. The first slurry is suitable for polishing a 
silicon oxide film as well as suitable for reducing the level difference or making the level difference gentle. The method 
moreover includes a step for polishing the silicon oxide film until the silicon nitride film is exposed through use of a 
second slurry which contains cerium dioxide. The polishing using the second slurry is performed after the level 
difference in the surface of the silicon oxide film has been reduced. 

[0016] The above object of the present invention is also achieved by a second method similar to the above mentioned 
method (it is called the first method hereunder). The second method includes a step described below instead of the 
step for the polishing using the first slurry in the first method. More particularly, the second method includes a step for 
filling a surface depression in the silicon oxide film with a flattening material to reduce level difference in a surface of 
the silicon oxide film. The step mentioned above is performed prior to the step of the polishing employing the second 
slurry. 

[0017] The above object of the present invention is also achieved by a third method similar to the first method. The 
third method includes a step described below instead of the step for the polishing using the first slurry in the first 
method. More particularly, the third method includes a step for performing wet chemical etching on a surface of said 
silicon oxide film to reduce level difference in the surface of said silicon oxide film. The step mentioned above is 
performed prior to the step of the polishing employing the second slurry. 

[0018] Other objects and further features of the present invention will be apparent from the following detailed 
description when read in conjunction with the accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 is a plot showing characteristics of a first slurry and a second slurry both employed in a manufacturing 
method of a semiconductor devise practiced as a first embodiment of the present invention; 

[0020] FIGS. 2A through 2C are sectional views showing figures of level differences which are taken into account in the 
first embodiment; 

[0021] FIGS. 3A through 8B are sectional views for explaining a manufacturing method of a semiconductor device 
practiced as a second embodiment of the present invention; 

[0022] FIGS. 9A through 14B are sectional views for explaining a manufacturing method of a semiconductor device 
practiced as a third embodiment of the present invention; and 

[0023] FIGS. 15A through 19B are sectional views for explaining a former manufacturing method of a semiconductor 
device. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0024] In the following, principles and embodiments of the present invention will be described with reference to the 
accompanying drawings. Throughout the drawings, like reference numerals designate like or corresponding parts, and 
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descriptions of such parts are omitted where they are repetitive. 
[0025] First Embodiment 

[0026] FIG. 1 shows the characteristics of two kinds of slurries employed in a manufacturing method for semiconductor 
devices practiced as a first embodiment of the present invention. As described later, in the first embodiment, both first- 
stage CMP which employs a first slurry containing Si02 and second-stage CMP which employs a second slurry 
containing cerium dioxide (Ce02) are executed to polish a silicon oxide film deposited on a silicon substrate during 
formation process of an isolating region on the silicon substrate. The results denoted by - in FIG. 1 indicate the 
characteristic of the first slurry containing Si02, while the results shown by - indicate the characteristic of the second 
slurry containing Ce02. 

[0027] In FIG. 1 the horizontal axis represents the magnitude of level difference in the silicon wafer surface to be 
polished, while the vertical axis represents a ratio of an polishing speed of an inspection object (i.e., a silicon wafer with 
level difference in its surface) and that of a silicon wafer with a flat surface. More specifically, the vertical axis 
represents a ratio of polishing speed of a protruding portion on the inspection object and that of the flat silicon wafer. 
As shown in FIG. 1 , the first slurry containing Si02 ensures a polishing speed ratio exceeding 100% when there is a 
large level difference in the silicon wafer surface. Thus, CMP employing the first slurry enables an efficient polishing of 
the silicon substrate regardless of the level difference thereof. 

[0028] On the other hand, the second slurry containing Ce02, as shown in FIG. 1 , has a characteristic that reduces the 
polishing speed ratio as level difference in a silicon wafer surface becomes larger. Particularly, the polishing speed 
ratio implemented by CMP employing the second slurry reduces to a significantly smaller value when the magnitude of 
level difference exceeds 400 nm. For this reason, when level difference exceeding 400 nm is present in the surface of 
a silicon substrate, the substrate surface cannot be efficiently polished by CMP employing the second slurry. Although 
the experimental results shown in FIG. 1 have been obtained for the case where level difference includes a vertical wall 
as shown in FIG. 2A (such level difference will hereinafter be referred to as a "vertical level difference"), similar results 
are also obtained for the case where level difference includes a curved wall as shown in FIG. 2B (such level difference 
will hereinafter be referred to as a "curved level difference") and the case where level difference includes a inclined wall 
as shown in FIG. 2C (such level difference will hereinafter be referred to as a "inclined level difference"). 
[0029] According to the CMP that is executed with the first slurry containing Si02, the Si02 film and the SiN film are 
polished with a selectivity ratio of about 3:1 . On the other hand, according to the CMP that is executed with the second 
slurry containing Ce02, the Si02 film and the SiN film can be polished with a large selectivity ratio of about 50:1. For 
this reason, if the Si02 film and the SiN film are polished with the second slurry, the SiN film effectively serves as a 
stopper film of the CMP. 

[0030] The first slurry containing Si02 is superior to the second slurry containing Ce02 in the point where enabling 
efficient polishing of the silicon substrate surface regardless of level difference thereof. The second slurry, on the other 
hand, is superior to the first slurry by the fact that being capable of polishing of the Si02 film and the SiN film with a 
large selectivity ratio. The manufacturing method according to the first embodiment has a feature in that effectively 
utilizing the advantages of the two slurries during a formation process of isolating regions. 

[0031] Now, the description will be given of the manufacturing method practiced as the first embodiment of the present 
invention with reference to FIGS. 3A through 8B. FIGS. 3A, 4A, 5A, 6A, 7A.and 8A are sectional views showing a 
section where two isolating regions are provided adjacently to each other, whereas FIGS. 3B, 4B, 5B, 6B, 7B and 8B 
are sectional views showing a section where a relatively large active region is formed near an isolating region. 
[0032] FIGS. 3A and 3B illustrate the states in which an isolating trench 16 has been formed in a silicon substrate 10, 
respectively. The isolating trench 16 is formed by carrying out the following steps: 

[0033] (Step 1 ) A Si02 film 12 of about 10 to 50 nm thick is formed on the silicon substrate 10 by thermal oxidation. 
[0034] (Step 2) A SiN film 13 with a film thickness of about 50 to 300 nm is formed on the Si02 film 12. 
[0035] (Step 3) A resist mask (not shown) having openings in regions corresponding to the isolating trench 16 is 
formed on the SiN film 13 by a photo-lithographic process. 

[0036] (Step 4) The SiN film 13 and the Si02 12 are removed from the unmasked portion corresponding to the isolating 
trench 16 by anisotropic etching. Furthermore, the silicon substrate 10 is removed by a depth of about 100 to 500 nm, 
whereby the isolating trench 16 is formed. 

[0037] FIGS. 4A and 4B illustrate the states in which a Si02 film 14 has been deposited on the silicon substrate 10, 
respectively. The states illustrated in FIGS. 4A and 4B are formed by carrying out the following steps after the 
formation of the isolating trench 16. 

[0038] (Step 5) The Si02 film 14 is deposited on the silicon substrate 10 through use of the CVD method. In this step 5 
the Si02 film 14 is deposited so that its film thickness is equal to or greater than the total value of the depth of the 
isolating trench 16, the film thickness of the Si02 film 12, and the film thickness of the SiN film 13. Although the Si02 
film 14 is deposited by the CVD method in this embodiment, it may be deposited by a high-density plasma chemical 
vapor deposition (HDP-CVD) method. 

[0039] (Step 6) A resist mask (not shown), which has openings in regions 18 on which elements are fabricated 
(hereinafter referred to as "active regions 18"), is formed on the Si02 film 14 by a photo-lithographic process. 
[0040] (Step 7) The parts of the Si02 film 14 deposited on the active regions 18 are removed by dry etching. 
[0041] FIGS. 5A and 5B illustrate the states formed by execution of the first-stage CMP, respectively. The states 
illustrated in FIGS. 5A and 5B are provided by carrying out the following step after the dry etching of the Si02 film 14. 
[0042] (Step 8) The first-stage CMP is performed until the depth of the vertical level difference in the Si02 layer 14 
reaches about 100 nm, by employing the first slurry containing Si02. The first-stage CMP is one of the characteristic 
steps of the manufacturing method according to the first embodiment. In this embodiment, for the sake of the 
simplification of quality control, 

[0043] the ending time of the first-stage CMP is controlled based on the elapsing time from the starting time thereof. 



file://C:\Documents%20and% 1/26/2004 



Page 4 of 8 



[0044] According to the manufacturing method of this embodiment, as described above, the parts of the Si02 film 14 
on the active regions 18 are removed by dry etching before the polishing of the Si02 film 14 by the first-stage CMP. 
According to dry etching, the parts of the Si02 film 14 deposited on relatively wide regions can be efficiently removed 
compared with CMP. For this reason, the first embodiment enable to remove the Si02 film 14 more efficiently 
compared with a method in which the Si02 film 14 on the entire region is removed by CMP. 
[0045] The dry etching for removing the Si02 film 14 on the active region 18 results in a formation of a large vertical 
level difference in the boundary portion between the active region 18 and the non-active region (see FIG. 4B). As 
mentioned above, the first slurry enables efficiently polishing of an object even when a large vertical level difference is 
formed in the object (see FIG. 1). For this reason, the aforementioned manufacturing method can efficiently reduce the 
large vertical level difference formed in the surface of the silicon substrate 10. 

[0046] In the first embodiment, the first-stage CMP is carried out in the state in which the Si02 film 14 is exposed. That 
is, in this embodiment, the first-stage CMP is implemented for the purpose of efficiently polishing the single layer of the 
Si02 film 14. For this reason, the characteristic of the first slurry is set primary from, the viewpoint that silicon dioxide 
(Si02) can be efficiently polished. 

[0047] For instance, in the case where the first-stage CMP is implemented under the situation in which another film is 
overlaid on the Si02 film 14, there will arise a need to consider the suitability of the first slurry with the overlying film in 
setting process of the characteristic of the first slurry. Similarly, in the case where polishing is required of another layer 
formed underneath the Si02 film 14, there will also arise a need to consider the suitability of the first slurry with the 
underlying film. On the other hand, in this embodiment the characteristic of the first slurry can be determined only by 
taking the suitability with silicon dioxide (Si02) into consideration. In this regard, the manufacturing method according 
to the first embodiment has an advantageous characteristic for polishing the Si02 film 14 efficiently by the first-stage 
CMP. 

[0048] FIGS. 6A and 6B illustrate the states provided by execution of the second-stage CMP, respectively. The states 
illustrated in FIGS. 6A and 6B are formed by carrying out the following step after the execution of the first-stage CMP. 
[0049] (Step 9) The Si02 layer 14 is polished until the SiN film 13 is exposed, by the second-stage CMP which 
employs the second polishing agent containing Ce02. The second-stage CMP is one of the characteristic steps of the 
manufacturing method according to the first embodiment. In this embodiment, the end time of the second-stage CMP is 
controlled, as the case of the first-stage CMP, based on the elapse time from the start time of the CMP for the sake of 
simplification of control. 

[0050] As mentioned above, in the first embodiment, the second-stage CMP is executed at the stage in which the 
depth of the vertical level difference in the surface of the Si02 film 14 has been suitably reduced. The second slurry 
employed in the second-stage CMP is a polishing agent which is capable of efficiently polishing an object having a 
small level difference and also polishing Si02 and SiN with a high selectivity ratio. For this reason, according to the 
second-stage CMP, the Si02 film 14 can be efficiently removed while the SiN film 13 is serving as an effective stopper 
film. 

[0051] In the CMP having the object of removing the Si02 film 14, if the SiN film 13 effectively serves as a stopper film, 
the SiN file 13with a large film thickness is apt to be left behind when the CMP ends. Therefore, according to the 
aforementioned CMP, a desirable polished state can be obtained easily and stably without being affected by fluctuation 
in processing conditions. In addition, in the situation in which the SiN film 1 3 efficiently serves as a stopper film, the 
flatness degree of the SiN film 13 is apt to be kept at a great value during execution of the CMP, while the surface 
height of the Si02 film 14 and that of the SiN film 13 are apt to be equal. As a result, a superior flatness degree is 
imparted to the surface of the Si02 film 14. Furthermore, according to the CMP employing Ce02, scratches in the 
wafer caused by polishing can be reduced to a small amount in comparison with the CMP employing Si02. Therefore, 
the manufacturing method according to the first embodiment is also effective for an enhancement in the polished 
quality of the wafer. 

[0052] As mentioned above, the first embodiment which performs the first-stage CMP and the second-stage CMP 
reliably enables the Si02 film 14 formed in the isolating trench 1 6 to be of a superior flatness without being affected by 
fluctuation in processing conditions. For this reason, according to the manufacturing method practiced as the first 
embodiment, semiconductor devices with stable isolating regions can be manufactured at a high yield. 
[0053] After the completion of the second-stage CMP, as shown in FIGS. 7A and 7B, the SiN film 13 is removed by wet 
etching which employs a heated phosphoric acid (step 10). Then, as shown in FIGS. 8A and 8B, the Si02 film 12 is 
removed by wet etching which employs a fluoric acid (step 11). The aforementioned steps form a trench-shaped 
isolating regions which partition the active regions 18. 

[0054] In the first embodiment, the first-stage CMP and the second-stage CMP are performed sequentially while 
slurries are switched on the same table (hereinafter referred to as a "CMP table"). According to such a technique, the 
first-stage CMP and the second-stage CMP are performed with a high throughput. 

[0055] Further, during the manufacturing process, cleaning water for washing out the first slurry are supplied to the 
CMP table after completion of the first-stage CMP. Then, the second slurry is supplied to the CMP table after the first 
slurry has been washed out of the silicon substrate. For this reason, although the first-stage CMP and the second- 
stage CMP are performed on the same table, mixture of the slurries are prevented from arising. 
[0056] Furthermore, in the CMP table, after the completion of the first-stage CMP, a dressing process of a polishing 
cloth, that is, the process of polishing the surface of a polishing cloth with a diamond abrasive grain, is executed. 
According to the above-mentioned dressing process, the state of the polishing cloth can be restored to a state which 
can exhibit initial performance, and at the same time, the first slurry can be removed from the surface of the polishing 
cloth. For this reason, according the first embodiment, the first and second slurries can be strictly prevented from 
mixing with each other, and also the silicon substrate 10 can be efficiently polished during the second-stage CMP. 
[0057] In the aforementioned embodiment, although the first-stage CMP and the second-stage CMP are performed 



file://C:\Documents%20and%20Settings\bepatterson\My%20Documents\espacen^ 1/26/2004 



Page 5 of 8 



sequentially on the same table, the present invention is not limited to the embodiment. For example, the second-stage 
CMP may be newly executed after cleaning and drying of the silicon substrate, which are performed after the 
completion of the first-stage CMP. 

[0058] In the aforementioned embodiment, the washing water and the dressing process are employed, when the first- 
stage CMP and the second-stage CMP are executed sequentially on the same table, for preventing the first and 
second slurries from being mixed. However, the present invention is not limited to the embodiment. That is, in the case 
where the mixture of the first and second slurries arises no problem, the washing and dressing processes may be 
omitted. 

[0059] In the aforementioned embodiment, although the vertical level difference in the Si02 film 14 is reduced to about 
100 nm by means of the first-stage CMP, the present invention is not limited to the embodiment. As shown in FIG. 1 , 
the second slurry containing Ce02 exhibits a superior polishing ability in a region where the vertical level difference is 
equal to or less than 400 nm. For this reason, the Si02 film 14 may be polished so that the vertical level difference is 
reduced to less than about 400 nm by the first-stage CMP. 

[0060] In the aforementioned embodiment, although the Si02 film 14 on the active region 18 is removed by etching 
prior to the first-stage CMP, the present invention is not limited to the embodiment. For example, after the Si02 film 14 
has been deposited on the silicon substrate 10, the Si02 film 14 may be polished by the first-stage CMP without 
performing etching. 

[0061] In the aforementioned embodiment, while a slurry containing Si02 is employed as the first-slurry, the first slurry 
is not limited to this. The first slurry may be any slurry which is capable of efficiently polishing the Si02 film 14 
regardless of the level difference in an object to be polished. A slurry containing AI203, Zr02, Mn203, or Mn02, 
illustratively, may be employed as the first slurry. 

[0062] In the aforementioned embodiment, the first-stage CMP is executed for reducing the vertical level difference in 
the Si02film 14, the purpose of the first-stage CMP is not limited to this. That is, the CMP employing the first slurry 
containing Si02 enables the vertical level difference in the Si02 film 14 to be reduced as well as the corner of the level 
difference to be gentle. The polishing rate of the CMP employing the second slurry containing Ce02 increases as the 
surface level difference in the Si02 film 14 becomes smaller as well as the surface level difference becomes gentle. 
For this reason, according to the present invention, the second-stage CMP can be efficiently performed due to both of 
these advantageous effects. 

[0063] In the aforementioned embodiment, although the level difference, which is reduced or to be gentle by the first- 
stage CMP, is limited to a vertical level difference, the present invention is not limited to the embodiment. For example, 
a curved level difference including curved walls which connect convex portions and concave portions is formed in the 
surface of the Si02 film formed by the CVD method. Also, an inclined level difference including inclined walls which 
connect convex portions and concave portions is formed in the surface of the Si02 film formed by the HDP-CVD 
method. The first-stage CMP also enables these level differences to be reduced and gentle. Accordingly, even in the 
case a curved level difference or an inclined level difference is formed in the surface of the Si02 film, the 
manufacturing method practiced as the first embodiment enables the surface to be flattened. 
[0064] Second Embodiment 

[0065] A description will be given of a manufacturing method for semiconductor devices according to a second 
embodiment of the present invention in reference to FIGS. 9A through 14B. 

[0066] In the manufacturing method according to the second embodiment, as the case of the first embodiment, an 
isolating trench 16 is formed through execution of steps 1 to 4 (see FIGS. 9A and 9B). Furthermore, in the 
manufacturing method according to the second embodiment, like the case of the first embodiment, a Si02 film 14 with 
a vertical level difference is formed by executing steps 5 through 7 (see FIGS. 10A and 10B). 
[0067] The manufacturing method practiced as the second embodiment has a first characteristic in the fact that a 
vertical level difference in the surface of the Si02 film 14 is reduced by filling a flattening material into concave portions 
of the surface after the Si02 film 14 has been formed by the aforementioned steps. Further, the manufacturing method 
practiced as the second embodiment has a second characteristic in the fact that the CMP employing a slurry containing 
Ce02 is performed after the vertical level difference in the Si02 film 14 has been reduced by the aforementioned 
technique. Even in the second embodiment, for the sake of convenience, a polishing agent containing Ce02 is referred 
to as a second slurry and CMP employing that slurry is referred to as second-stage CMP. 
[0068] FIGS. 1 1 A and 1 1 B illustrate the states in which a silicon substrate 1 0 has been coated with a flattening 
material, respectively. The states illustrated in FIGS. 1 1 A and 1 1 B are obtained by carrying out the following step after 
removable of the Si02 film 14 from an active region 18. 

[0069] (Step 12) The surface of the silicon substrate 10 is coated with spin-on glass (SOG) 20. The SOG is deposited 
in a depression portion in the Si02 film 14. As a result, through execution of this step, a vertical level difference formed 
in the surface in the Si02 film 14 becomes gentle. When an object to be polished has a gentle vertical level difference, 
the surface of the object can be efficiently polished by the second-stage CMP employing the second slurry. Therefore, 
execution of step 12 provides the state required to efficiently perform the second-stage CMP, as the first-stage CMP in 
the first embodiment does. 

[0070] After the completion of step 12, step 9, i.e., the second-stage CMP, is executed as in the case of the first 
embodiment, whereby the Si02 film 14 is polished until the SiN film 13 is exposed (see FIGS. 12A and 12B). Then, the 
SiN film 13 is removed by step 10 (see FIGS. 13A and 13B). Next, the Si02 film 12 is removed by step 1 1 , whereby 
isolating regions 14 are formed in the substrate 10 (see FIGS. 14A and 14B). 

[0071] According to the second embodiment, as with the case of the first embodiment, the Si02 film 14 can be 
efficiently polished by the second-stage CMP and also the SiN film 13 can be made to serve as a stopper film 
effectively during execution of the second-stage CMP. For this reason, according to the fabrication method of the 
second embodiment, as with the case of the first embodiment, (1) a desirable polished state can be obtained easily 
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and stably without being affected by fluctuation in the processing conditions, (2) the surface of the Si02 film 14 can be 

imparted with a superior degree of flatness, and (3) polished quality of the wafer can be enhanced. 

[0072] In the second embodiment, while the SOG 20 is employed as a flattening material for reducing the vertical level 

difference in the Si02 film 14, the present invention is not limited to the SOG 20. For example, the vertical level 

difference in the Si02 film 14 may be reduced by using a BPSG as the flattening material and performing a reflow 

process after formation of a BPSG film. 

[0073] Third Embodiment 

[0074] Hereinafter, a description will be given of a manufacturing method for semiconductor devices according to a 
third embodiment of the present invention. 

[0075] As previously described, in the manufacturing method according to the first embodiment, the first-stage CMP 
(step 8) is executed to reduce the vertical level difference in the Si02 film 14. On the other hand, in the manufacturing 
method according to the second embodiment, the process of filling depression portions of the Si02 film 14 with a 
flattening material (step 12) is performed to reduce the vertical level difference. The manufacturing method according 
to the third embodiment has a characteristic in the fact that instead of these processes, wet chemical etching is carried 
out on the entire surface of the silicon substrate 10. 

[0076] That is, according to the third embodiment, the Si02 film 14 having a vertical level difference in the surface 
thereof is formed by steps 1 through 7. Then, wet chemical etching is performed on the entire surface of the silicon 
substrate 10. Wet chemical etching has a characteristic of removing a protruding portion in preference to a flat portion. 
For this reason, the wet chemical etching enables the vertical level difference in the Si02 film 14 formed on the silicon 
substrate 10 to be gentle. 

[0077] As described above, if the vertical level difference becomes gentle, the surface of an object to be polished can 
be efficiently polished by the second-stage CMP. Accordingly, the advantageous effects yielded in the first and second 
embodiments can be obtained even by the manufacturing method according to the third embodiment. 
[0078] In the third embodiment, although wet chemical etching is performed over the entire surface of the silicon 
substrate 10, the present invention is not limited to this. That is, wet chemical etching may be performed only on the 
region excluding the portion according to the isolating trench 16. So long as a region subjected to the wet chemical 
etching is limited as described above, reduction of the Si02 film 14 within the isolating trench 16 will be prevented from 
arising, whereby a surface depression in the isolating region can be effectively prevented from occurring. 
[0079] In the first to the third embodiments mentioned above, although one of the CMP employing the first slurry, the 
process of filling a surface depression with a flattening material, and the wet chemical etching is carried out to reduce 
the vertical level difference in the Si02 film 14, the present invention is not limited to those embodiments. For example, 
a combination of two or more of these processes may be executed to reduce the vertical level difference in the Si02 
film 14. 

[0080] The major benefits of the present invention described above are summarized as follows: 
[0081] According to the first aspect of the present invention, after formation of an isolating trench on a semiconductor 
substrate, a silicon oxide film is deposited on the semiconductor substrate. As a result, the isolating trench is filled with 
silicon dioxide. At this time, a protruding portion of the silicon oxide film is formed on the semiconductor substrate at a 
region away from the isolating trench. In the present invention, the protruding portion of an exposed silicon dioxide film 
is polished through use of a first slurry. The first slurry is a polishing agent suitable for polishing of the silicon oxide film. 
For this reason, the exposed silicon oxide film is efficiently polished during the above-mentioned polishing process. 
Further, the first slurry is also a polishing agent suitable for reducing and smoothening level difference in the silicon 
oxide film. For this reason, the above-mentioned polishing enables efficiently polishing of protruding portions of the 
silicon oxide film, thereby efficiently enabling the surface of the semiconductor substrate to be flat. In the present 
invention, polishing is performed with a second slurry containing Ce02, after level difference in the silicon oxide film 
has been reduced. The second slurry has a characteristic suitable for efficiently polishing a flat silicon oxide film and 
also suitable for polishing the silicon oxide film at a large selectivity ratio with respect to the silicon nitride film. For this 
reason, during the above-mentioned polishing, the silicon oxide film is efficiently polished while the silicon nitride film is 
effectively serving as a stopper film. Thus, the manufacturing method according to the present invention stably 
implements a desired polished quality, and imparts a superior flatness degree to a semiconductor. 
[0082] According to the second aspect of the present invention, the silicon oxide film deposited on an active region can 
be efficiently removed by etching. The above-mentioned process tends to produce a large level difference in the silicon 
oxide film at the boundary portion between active region and non-active region. In the present invention, polishing 
employing a second slurry is performed after the level difference has been reduced by polishing employing a first 
slurry. For this reason, the present invention efficiently ensures a desirable polished quality. 
[0083] According to the third aspect of the present invention, the first slurry contains a silicon oxide. According to the 
slurry containing a silicon oxide, the characteristics required of the first slurry can be satisfied. 
[0084] According to the fourth aspect of the present invention as set forth in claim 4, the level difference in the silicon 
oxide film is reduced to less than 400 nm by polishing employing the first slurry. When the level difference is less than 
400 nm, the second slurry containing Ce02 efficiently polishes the silicon oxide film. For this reason, the present 
invention efficiently ensures a desirable polished quality. 

[0085] According to the fifth aspect of the present invention, the polishing using the first slurry and the polishing 
employing the second slurry are performed on the same table. For this reason, according to the present invention, the 
throughput in the polishing step is enhanced, whereby superior productivity can be ensured. 
[0086] According to the sixth aspect of the present invention, the polishing employing the second slurry can be 
performed after the surface depression in the silicon oxide film has been filled with a flattening material. For this 
reason, the present invention efficiently ensures a desirable polished quality while utilizing superior characteristics of 
the second slurry. 
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[0087] According to the seventh aspect of the present invention, a surface depression in the silicon oxide film is filled 
with spin-on glass (SOG). That is, the level difference in the silicon oxide film can be easily and reliably reduced with 
SOG. 

[0088] According to the eighth aspect of the present invention, a surface depression in the silicon oxide film is filled with 
BPSG. That is, the level difference in the silicon oxide film can be easily and reliably reduced with BPSG. 
[0089] According to the ninth aspect of the present invention, the polishing employing the second slurry is performed 
after wet chemical etching has been performed on the surface of the silicon oxide film. Through use of wet chemical 
etching, the level difference in the silicon oxide film becomes gentle. So long as the level difference in the silicon oxide 
film is gentle, a desirable polished quality can be efficiently ensured with the second slurry. For this reason, the present 
invention efficiently ensures a desirable polished quality by utilizing the superior characteristics of the second slurry. 
[0090] According to the tenth aspect of the present invention, wet chemical etching is performed over the entire surface 
of the silicon oxide film, whereby the level difference in the silicon oxide film can be reduced easily and reliably. For this 
reason, according to the present invention, a desirable polished quality can be ensured with an easy process. 
[0091] According to the eleventh aspect of the present invention, silicon substrate is subjected to wet chemical etching 
only at the active regions. The above-mentioned wet chemical etching prevents the silicon oxide film deposited on the 
isolating trench from being removed. For this reason, the present invention is capable of utilizing the superior 
characteristics of the second slurry while appropriately ensuring the thickness of the silicon oxide film in the isolating 
trench. 

[0092] Further, the present invention is not limited to these embodiments, but variations and modifications may be 
made without departing from the scope of the present invention. 

[0093] The entire disclosure of Japanese Patent Application No. Hei 10-240236 filed on Aug. 26, 1998 including 
specification, claims, drawings and summary are incorporated herein by reference in its entirety; 

Data supplied from the esp@cenet database - 12 

Claims 

What is claimed is: 

1 . A method of manufacturing a semiconductor device, comprising the steps of: 

forming a silicon nitride film on a semiconductor substrate, said silicon nitride film serving as a polishing stopper film; 
etching said silicon nitride film and said semiconductor substrate in a predetermined region to form an isolating trench 
which partitions an active region; 

depositing a silicon oxide film on said semiconductor substrate so that said isolating trench is filled with said silicon 
oxide film; 

polishing said silicon oxide film being in an exposed state to reduce level difference in a surface thereof, by employing 
a first slurry suitable for polishing a silicon oxide film and also suitable for reducing said level difference or making said 
level difference gentle; and 

polishing said silicon oxide film until said silicon nitride film is exposed, by employing a second slurry which contains 
cerium dioxide, after said level difference in the surface of said silicon oxide film has been reduced. 

2. The method according to claim 1 , further comprising a step of removing a portion of said silicon oxide film deposited 
on said active region by etching prior to the polishing of the same. 

3. The method according to claim 1 , wherein said first slurry is a polishing agent that contains a silicon oxide. 

4. The method according to claim 1, wherein said level difference is reduced to less than 400 nm in the step of 
polishing employing said first slurry. 

5. The method according to claim 1 , wherein the polishing of said silicon oxide film with said first slurry and the 
polishing of said silicon oxide film with said second slurry are executed on the same table. 

6. A method of manufacturing a semiconductor device, comprising the steps of: 

forming a silicon nitride film on a semiconductor substrate, said silicon nitride film serving as a polishing stopper film; 
etching said silicon nitride film and said semiconductor substrate in a predetermined region to form an isolating trench 
which partitions an active region; 

depositing a silicon oxide film on said semiconductor substrate so that said isolating trench is filled with said silicon 
oxide film; 

filling a surface depression in said silicon oxide film with a flattening material to reduce level difference in a surface of 
said silicon oxide film; and 

polishing said silicon oxide film until said silicon nitride film is exposed, by employing a second slurry which contains 
cerium dioxide, after said level difference in the surface of said silicon oxide film has been reduced. 

7. The method according to claim 6, wherein said flattening material is formed by coating said silicon oxide film with 
spin-on glass. 

8. The method according to claim 6, wherein said flattening material is provided by forming a film of BPSG on said 
silicon oxide film and then performing a reflow process. 
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9. A method of manufacturing a semiconductor device, comprising the steps of: 

forming a silicon nitride film on a semiconductor substrate, said silicon nitride film serving as a polishing stopper film; 
etching said silicon nitride film and said semiconductor substrate in a predetermined region to form an isolating trench 
which partitions an active region; 

depositing a silicon oxide film on said silicon substrate so that said isolating trench is filled with said silicon oxide film; 
performing wet chemical etching on a surface of said silicon oxide film to reduce level difference in the surface of said 
silicon oxide film; and 

polishing said silicon oxide film until said silicon nitride film is exposed, by employing a second slurry which contains 
cerium dioxide, after said level difference in the surface of said silicon oxide film has been reduced. 

10. The method according to claim 9, wherein said wet chemical etching is executed over the entire surface of said 
silicon oxide film. 

1 1 . The method according to claim 9, wherein said wet chemical etching is executed only on said active region while a 
non-active region is covered with a resist material. 

12. The method according to claim 1 , wherein at least one of steps for filling a surface depression in said silicon oxide 
film with a flattening material; and performing wet chemical etching on a surface of said silicon oxide film is executed in 
combination with the step of the polishing which employs said first slurry. 

13. The method according to claim 6, wherein at least one of steps for polishing said silicon oxide film being in an 
exposed state by employing a first slurry suitable for polishing a silicon oxide film and also suitable for reducing said 
level difference or making said level difference gentle; and performing wet chemical etching on a surface of said silicon 
oxide film is executed in combination with the step of the filling which employs said flattening material. 

14. The method according to claim 9, wherein at least one of steps for polishing said silicon oxide film being in an 
exposed state by employing a first slurry suitable for polishing a silicon oxide film and also suitable for reducing said 
level difference or making said level difference gentle; and filling a surface depression in said silicon oxide film with a 
flattening material is executed in combination with the step of the wet chemical etching. 

15. The method according to claim 2, wherein said first slurry is a polishing agent that contains a silicon oxide. 

16. The method according to claim 2, wherein said level difference is reduced to less than 400 nm in the step of 
polishing employing said first slurry. 

17. The method according to claim 3, wherein said level difference is reduced to less than 400 nm in the step of 
polishing employing said first slurry. 

18. The method according to claim 2, wherein the polishing of said silicon oxide film with said first slurry and the 
polishing of said silicon oxide film with said second slurry are executed on the same table. 

19. The method according to claim 3, wherein the polishing of said silicon oxide film with said first-slurry and the 
polishing of said silicon oxide film with said second slurry are executed on the same table. 

20. The method according to claim 4, wherein the polishing of said silicon oxide film with said first slurry and the 
polishing of said silicon oxide film with said second slurry are executed on the same table. 
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jWfi£t4*&fctt, »2«W««tfflvvfeCMPfc:J: 

£T»Lfc3BHS*tt* 8H#02 (A) fcjjc*J:5fc 

-T) aa6»** t ia2 (b) ic^-t^k 

Hj tSrT) feitf. 02 (C) KSttftKfl 

afciaaiki^iiiTo^^iiia (jar. r f«^s 

[0028] bZhX\ Si 0 t «r-gftf81<*>»MflW* 
ffl^-CHff$fll>CMP(;:J;ft(i\ Si0 2 !g|fcSiN 
Hfcll. 3 : 18S«a»?Jfc-CSff«3*l*. Ce 

o 2 tfttsm 2 mam ^xmft zti& c m p iz «t 

fli£. Si0 2 )itSi NUfcSr, 50: lgg<7)*# 
WJ^ffl^TS i 0 2 mt S i NKi: 

xtitf. s i NIK****** h v'Wk txmm^i 

ZbtfXZl. 

[0029] ZCOX Olz. Si 0 2 1 DBMftl 

ti. ^li3y£&jgffi^l^;:l»;b^$$Jl<»££ 
ef®T^Sj±[tfcV^T, CeO l **tf*2W5»«Wfc 
JtKl/CWiTV>4. flS2«HffB*M. S i 0 2 

mt s i NRfct. ±z%Mwtx'm®Lmmzt5^ 
xmim®mzimixisttix^&. *mmm<o* 

2 ^mmmm&iWhiznmh&temziiLx 

[00 30] mz. 03 (A) (B) ; JiM. 

08 (A) fcJ:lX8 (B) £#(&LT#llJfc»9¥?£ 
*M«WftW6»rt«fcov^WW-*. 03 

(A) ft£08 (A) 14, 2-00*«««*«)fiLTR 
ft4>*i*a5»^BrlBBI*^r. 4fc, 03 (B)fl£H 
8 ( B ) {J. ^gf^Oifi^HitSSW^#=5rvS14^* { 

[003 1] 03 (A) fcj:t>'3 (B) «, j/ijayi 
6(4. «Tfc^^*^$ft*.IfcteJ:9$J*S*i 

1 0nm~5 0n«<7)S i0 2 «l 2 frffiM-fSflUI. 



(Xf772) S i 0 2 flgl 2<7)±M<<Z. Oiur- 
3 0 0n^*3SiNKl3*#j£-f*8H. 
(Xf 77*3 ) 1 6ttfl6*4««fcH!P8«:ir 
-TSPvXhvx^ (0^-f) ^JtWRCiOS 
i NK1 34>±»fc:»JiW-*«II. fcitf 

mm*>. S i NKl 3fcJ;^S i 0 2 Hl 2£|&£ 
U Mfc, v';3ya^lOSr^§10 0nm-5 0 0nm 

[0 0 3 2] 04 (A ) (B) 14, ^'J3y£ 

8U 01CS i O t Kl 4#j«mSftfctt!g£5jrr. 0 

4(a) fcj:t>'4 ( b ) iz*-t#mii. %mmi $im 

(^f775) CVDi6K±*)» y'JnyMiooi 
Sfc. SiO t fltl4**«S-frS«ia. *Xf77-5 

tcfcv^-c, s i o,ki 4tt; tnnrntf* ftmmi e 
cr>m. sio 2 mi2comm. axtf, sink 13 
cr>mniiitmikk%&£oiztm2tih. #n 

Jt»»fc*J^Ttt. S i0 2 H14£CVDi£lCj:9«t 
I/O****. Si0 2 Hl4ti, HDP 
-CVDj£(High Density Plasma CVDJ^tJ: OtfMUS 
*Tt>J:v>. 

(xf77.6) ^'j3y^Ki o±co. m^^^-r^ 
8 (jar. r vStt^i 8 j ts-s-r) tc^pgi5 

SrSt 4 W ^ h ? ( 0^-fr-f ) £ . ?S«i(: J: 

0 s i o 2 ^i 4cr>±.mzBffctmm. t$*v 

(Xf777) Vy^^yi-y^zXK). Vitt^i«18 
±t*« LTUI, S i 0 2 R 1 4 $rl^*-TI»Ma. 
[0 033] 05 (A) i>J:^5 (B) Ji, ISlgKKO 

cMPtfmmtis>zbiz3;*)m%zti&imz*i-. 

05 (A) ( B) (3Srf«JKi. S i 0 2 H1 

4<oh*7^x<y rvytfm Ltzmz, vxnz^i-mm 
wmf2ti&zkiz£*)mizti&. 

iO 2 jSl4«0SEaH* J l OOm^JSfc^rSiTCM 
P (^lgfgcOCMP) SSISPIWCMP 

-o-C**. a|s^jfiBBfc:tJV>-c. »1KH*>CM 

[0034] ±^co*n< . a^sat»«05«jfi*at:j:*i 
tf, HlgPt<7)CMPCJ;0 S i 0 2 $14<Def®S:ff 
dlCfet^T. JStt*«18±<0SiO 2 ]«14*«K5 

fitf. iWBftffiv^WfcflqW-* s i o 2 Mi 4 c 
MP(Cit^tT^^<^*-ri»^i:* i -C#l). ZCOtz 
A, JJE<0«at*ftfc«):*Uf; ^«««0S i 0,«1 4 
£CMP-0»*'***£fctt«LT3WifK S i Q 2 ^ 
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[00 3 5] bZbX\ *Sttffl$18±?)Si0 2 §|l 
It&'&ffl&tnm^Z&^X . Si0 2 J£l4£*# 

%mmmtfB®.ntih (@4 (b) #kd . u&>l$t 
t>. %<r)ttm»*wm& < mmti z t mmx-h h 

0<D^ffi£JBj£$itrt;S i 0 2 )!1 4c7>* 

t o o 3 6 ] *nm«^Mjt*atcfcv^T . m 

lBW*5CMPti. Si0 t Kl4#»Bl/O>*#» 
•CgfrSfiS. ^&fc*>. *WBB»c*jv»t. ft IS 

pgcocMP{±. s io 2 mi4co%.-mzw)m&<mm 

thZb*mtob LTUffSftS. £<0fc*>, ftlOSf 

[0037] fiaUtf. S i 0 2 Jg?l 4«D±S(c 
Mj *^T»jR$*lTV^«8lTT»lg»B^)CMP 

* ? Mt $*i**£fct . ft i cr>mmmm& z&s&t h t 

&tS#g*fcfe-fS. H*fc. SJlBWOCMPfcJ; 
0. Si0 2 Rl4OT«fc:»JSS*irv^ rflftojRj 

. ft i coef^jt . 

LT, *£SH9Bfflfct$irvtfcL : s0a>WtttMSiO t 
b offitt<o»*#* LTft i aflmtotttt&tttf) I) i 

fi. ftlgB<0CMPti»)S iO,JMi4*JWtfi< 

[00 383 06 (A) fci:t/6 ( B ) {i s ft2&pg£> 
CMPtfmftZti&ZblzX *)'$m2tilim*n?t. 
06 (A) fc-iy-6 (B) (cjS-rtfJBtt, ftigpgoc 

Uf779) ceo z ziztsm2cr)mmm$m^x. 

S i NJR1 StfUSWiiTCMP (ft2|»)CM 
P) CJ:0SiO 2 Kl4*Bf»r6K!ffl. ft2SH« 
CMPii, *3di^a^tt^^£^<0tt^ 
ISW-OT**. «, *Hifi»«Cfc^T, ft2&Pg 

[0039] ±M(Dlm< . *HM9B»<ol8fclSrffifc: iit 
ar. s i o 2 jgi 4<^BBfc:*j{tiseBt&wiSfc:* 
^ Uzmx-m 2 tmcoc m p £mf * a - 1 
I.. »2gWtf5CMP-cfflv^*is»2oiif«wtt. m 

^o, s i o 2 k s i n t zm^mmx-mi-z z t 
<7)X'%mmmxh&. z<ntz#>. 82gw*>cMPfc 



iftif , S i N§£ l 3 £x h yJiRb ixGwizmmz 

#wt> s i o 2 n 1 4 mmx < mkth z b aw 
*. 

[0040] Si0 2 Ji.l4^*S-BWt1--SCMP 
tfeV^T, S i NJR1 3**Xh >y^'ISfc LT*5&t«Sg 
■fhb. CMPWRT^tS i NR1 3t*#ftlW£ 

a. 4fe % s i njhi 3^h7^atfl%tas6 

■t6«fflTTJ±. CMPcOUff+CS i NJR1 3<7)¥ffl 
JS* { Ht^$n^<^^,i:^c, S i 0 2 Kl4<7)SfflB 
$* ? s i nki 3<^)«lii*SKJivv»<*6. ton 
s i o 2 ni 4oafflfKiWutTiiiJ»W4S*i 

2». M(C CeOj^vtCMPtifttf. Si0 2 Sr 

*?7»/*m&'j'-mb?z>zbff?%&. m^x, *n 

[004 1 ] iOJ: d fcu ^SlJSi^^^^B^S 
Ji*3£fcJ:*tHr. 35ia»*JJ:V»2BP8^CMP*|| 
frfft «: fc J: 0 , 1 6 fc^HSitfc s i 0 2 M 

$£fcfth.fc¥ffi«£ ft 6 ^ h ^'T'§ S . £ e>fc 

z%t&*m&mw.£M^#%t Y )x-mmhzbtfx' 

[0 04 2]*2a»<0CMPj&«»7-r*fc. act. 0 

7 (A)tjiV7 (b) iz^iim< s m>mm^ 

>7x «y -/f-y^t J: 0 S i 1 3 *Bfe*'t6«ffli 

(^T7710) . &WC\ 08 (A) 
itX8 (B) {SS-frfcK, 77it»>ft7i»H7 
f-^/W: 0 S i o 2 Ml 2 SHi^'tSJKb&Jllff SfL 

iUf^/ii). imcowmtfmftztizzbiz* 

[0043] ^at»!K<oKJKSrftt:*j^T , ft l gpg 
OCMPfcft2g|Jg'c7)CMPi:li s R-W^-r/KJa 

D*i4itKi«j. mmmzmfiztiz. zcoxo* 

x>v-y y h xft d z b tfflffix-h i . 

[0044] tr^ xmrnmizts^x. cMPf-r 

im^m-fzihcowi'fc&mkziiz. * tr, fti<o 

gpcMPf-7;Hl:ftfe?ti^ fti 
aptfc iixft 2KPgoc m pm-coT-r^xm 
ztihizi>Mbt>-r, w,\mmMbw.2mmmbtf 
i&z^ommk-thzbtfx'th. 
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[0 0 4 5] UK, CMPf— TVHCfeWCtt. 3S1S 

Hffista < mm , -r . ffs^o k i^^a^n 
iwiittt&w&arc* 6«wcaeet* - 1 * t 

ffi«^OSIffirt^miOffig#J£|^-fl> 

l offieffJ b * 2 offia^J t 9£ 5 <otlW(cl» 
±-fl.ii:*^St*^ JB2SP§OCMPOHff* 

< x y ^ va* i o z t tfX'Z h . 

[0 04 6] JJE«WlBWifctJV^Ttt. IB 

1 SPgOC M P fc flS 2 KP§CD CMP££ H-Or- 7> 

Rses*u>ko?tt$:v>. -t&*>*>. mispgocwip 

fc«WC. K^rH2SPgc7)CMP^||ff1-|.Ctt LT 

[0 04 7] 4£, ±IE<OliiBKBSttJV^tt, IB IS 
Bo c m p t m 2 m§<r>c m P t £ H-r- r^t'Uff 

a* ff a i 1 1 i on i ow^t is 2 oweaii: #a 

m 2 nmmm btrnzo^ozb t-m t> t % 
t>*£fcfci. zti^imzmi-zzbbLxhx 

[0 048] ±!BOHSS^llKfcv^T{i> 818 
P&OCMPteJD. Si0 2 Hl4OSttSll^l00n 

*lSt>OTtt$rH. -ftchh. Hl^t*P<s CeO 

2 ££tf * 2 Officii . SttSHrfM 0 0 nmJaTO.fi 
*C. Sff*BfiBS6**^. ^Ofcft, miSPgOC 

MPTtis s i o 2 mi 4<nmmmtf4 oomwrn 

Tfcfc*J:3fcSiO t i!l4£ffiet*ifcrJ:v>. . 
[00 4 9] 4fc, JJEOg&«B!IMc*JVvcti, miS 
PgOCMPK$tt:oT*SttlS®l 8±OS i 0 2 Ml 4 
£x ? l-yftzX 0 M*** i fc b LX^ttiK *%?>n 

fflgi 0±fcS i 0 2 Ml4£JH*$*fcttfc:, X«yf- 
J^fcfBifcfcC SUSBoCMPfciOS i 0 2 

[005034/^, iMftrmmmfc&^xiz. s i o 
2 £^trfffa#J£mosfa#ji:L-a^a>\ most 

mmwAi. w®ftmt<7)im$mzffibhTs i o 2 
m 1 4 < wa-r & z t vx'Z h mmmx'&titt 

J:<.'flttif. A 1 2 0 3 , Zr0 2 , Mn 2 0 3 £fcttM 

no i m&&mmm-&'>xh£\\ 

[ 0 0 5 1 ] ifc, ±E«lftN9g»fc*JV^Ji, IS IS 
pgOC M PKJ 0 S i 0 2 H 1 4 OSESIIS^S-t*: 



rogSfiaiO-tfifrn. -f&fcfe. S i 0 2 £-£t?SS 
10flf^£fflVtfSCMPte,MUf. Si0 2 )il4O 
SttSM£M^§tfl>i:££. *OH£oa»«rfc*fS. 
a>fc-$-6 Ce0 2 5r-^tfm2OJ9faJiSr 

fflvvfcCMPowaamtt, s i o 2 jii 4o^ffisn 
* ? 4n$ < m±-*ft t , -eo^ffisn* 4 

If, ;<i4»3Cfiro«l*ttBHLT, SB2SBOCMP* 

[0052] 55fc, ilEOH^JSttiV^ti, mi S 
BOCMP fci 9M / >§^L< l&tibfrt -rSSII 
* { SESMKI1^$^T v ^ *\ atRSSS 
fifcfco-etiSrv*. -t4*>t>. cvDSt'fiitfi^n^s 

i 0 2 HO^Et(i, dia5ttHia5h* s fflffiT^* J l»ia 
ffiSH*«§nS„ 4fc. HDP-CVDftT«$ 

t&&timf8t&mmzti& ..mimoc m p t in 

(i\ -en^oSH^M^^-tir, 4^, ^^jWc-fiC 
ttfX'^h. fot, *^w»3efit£fc«J:ixlf. Si 
0 2 dc7)affi(cftffiSII4^{±«ffSII*«$ni.« 

[00 5'3]HlfrOJBlB2. 09 (A)±>J;^9 
(B) , ym.. 014 (A) fc«tyi4 (B) £#»§L 

WCJi. HSgO^/B 1 |i)tRt, Xt -y7°l~4 

OJSl*^fTS<i* itCJ: 0^H« l 6 *«$ns 
(09 (A) fcj;^9 (B) $&) . JBfc, ^teJBE 

x o . sitsii^*-ri» s i o 2 n 1 4 jwgjRsns 

(01 0 (A) &XV10 (B) Mt) . 

[0054] xm&Bmco^Bftmwcommijmi. ± 

IBOMaiC X 0 S i 0 2 M 1 4 1 »«Lfclfct. s i o 2 
IS 1 4 ««iBoa»Sr ¥fflfl5ircSA* Z t izX OSit 

TS i 0 2 m 40fimSHS:«^§^f*tC e 0 2 $r 
*trtff«WSrfflv^C M PtfUfir t?n*jSC»20l#a 
SrWLTV^^, OT, *»W«^Tt, C 

P(i, SS± r»2«0WWWj fcitf rn2SPgOCM 
Pj fcffcf. 

[00 55] HI 1 (A) tJitfl 1 (B) ti, ^'J3 

0ii ( a ) &xv ii(B) cist«!K4, -mm® 
1 80s i o 2 ji 1 4 udmz. ixriz7r;t>m 

ifimrZtilZblzXWfSLZtLh. 
{Xt'vT\2) v-ynyS^l 0O«ffitSOG2 0 
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ZmthOm. SOG2 0Ji. Si0 2 jil4c7)S^ 

tut, sio t mi40>$iffitzBfiiztix\,i&mmk 
mm^mtz^Mz^ht. m 

x. *xf77i 2c?>%mi,z£ta£, mmnjm 1 izts 
vmim^cMP tmtiz, *2&pg*>cMP-£» 

[ 0 0 5 6 ] JJE*M8aWll7f * b , 3gfto£ 
SKO^-tRait:. At 'y^C^a. -ffrbW^S 
2gpgc7)CMP*>'»T§ni.^i:tcj;t9 x SINK 13 
*«a{Tr**TS i 0,K1 4*W«$ft.6 (HI 2 

(A) fcj;yi2 (B)#K0 . yc^-c, XT7710 
*5JMfcJ:9SiNKi3*«|fc*S*i* (013 (A.) 
tiitfl 3 (B) . * LT» Xf-yTl 1*)*&S 
fci 0 S i o 2 Ki 2im%ZhxiMfflymf8.zti 
I (014 (A) feitf 1 4(B) #HS) . 

[00 57] 4^eESBO^NWmoiGU%lc «fcfl 
If. *St«»BIBlO«^i:H«{^ Jg2gpg<DCMPfc 
J: 93«il< S i 0 2 M l 4 fcj&r-cfc & fc 

•e^CMPOHfrttjfc. SiNJli3$-XN-yA° 

(2) S i 0 2 Ji 1 4 OilffltflfcflfcTKK^.ft-^f S i 
fc. *5it* (3)>>x^<0»fSftfiS:|6i±§.|fSii:^ 

r o o 5 s ] t z 6x\ mwmmmiz&^xn. s 
i o 2 m 4<otiBgas*js^sHi: s/^^a-fffit 

tT S O G 2 OtfffiH L>iiX V ^ *t. *IHHi£*ifc:|R 
JtSftS io-eiifrn. Tfi-fbWfc LTBP 

SG^ffllv BPS GKimmz V7U-Z'ftoZtX' 

sio t ®i4?>mmmm'Zitizbtixi>8 : 

[0059] £$feO«B3 . atic. **«<osat«ojB» 
3<o¥mffi&&cr>$miimz^x3iw-tz . ±a>o^p 
< . XttoiHii bwwrftfcjs^Ttt, s i o 2 ni 

4^*ESH§rM^^I.^* k )(cmig^CMP 

mz&UXlt, S i 0 2 «1 4<0SBgm^»^SHf-4 
fcfttffflWcaAiSftiJMI Urv-Ti 2 ) # 

■r *»>x v y-*v*>ytf$£ftztih&£tmt:tix 

[0060] -f&*>*>. *HM®®c7)S jt*ft(c J: it 
tf. ^T-yTl-7<0^(:«tOSKg||^-f| ( Si 

o 2 m 1 4 wgssiDtat , v y 3 y«« 1 o e&m 



hx-y^-y^tt. mzuMzimixmiiiiKmz 
mmzmtzmzGix^z. zdh^-v*? 

ifiX-ti. 

[oo6i] ±&m< s mm®mtf%tzt>Mz%& 
t. m2m<?)CMP izx ^xm&<mmm<m 
wzmmtbzkmmt%6. n^x. *mmm<?> 
^mmmmkjrmizj: ^ t t . mtmmitsw 
2<wtetmtz. sttuzmm^zt^xti. 

[006 2] bZbX\ JdeoSQtJBBlcfclrVttt. 
x y hx -y r y v y 3 i o <9£Bi£*f&i: I 

x'frozttix^ifiK *mtoztuzm&9titt> 
%t&zt£*hii^ wmi 6rtgpcy;s i o 2 m 4 

IZkifixSl. 

[0063 3 4fc v laLfcJIHJS«3IOW!fc4JV^ 

m 1 ow^fjs-fflv ^ cmp. vcan*> 

S*i*i<0"W*5rV>.--«r^, S i0 2 Hl4OStt 
SUSrM^S-a-^^t. Clii4>coji!! ! a^2r?fiLtffl^ 
&i*txmfrtlzbbLxi>i\\' 
[0064] 

t^*»t % WTiiz^-tio%m%*m?h. mmi 
mmwizztni. *m*m±izmmm&isti. 

ii. *10W«BSfflv^T, HasLfc^ya^lWUIKO 

^asa*«faw-4 jsi*^ff . « 1 comm. 
^vzywummmizmitiwtemT&h. zntz 
*>. mmmzituf. ismn^^oaymimi 
ma<mmt&zk#?*i. ta. mi mm 
«i. yy 3ymmnm:£m^itmi<te%tzt>fr 
iz-t&oiximzmmmT&i. zcotz^, ±Mz<om 
mzxtuf. wa>wttKn&m*m&<vmi 

«t . c e o 2 £ tttm 2 (ommmim v vzwmwnb 
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mzmmzmmz>zttfxz&. ^t, *m 
mzmmi. &l mwmm^mm^^mzmm 
[0065] m&2smMi8i£.xiia. m&mmz 

mtmm.mm%mz&^x, ^)^vmm 
izxzzmtf&i^t^. *%mz±tuf. mim 
m\zm\ vzm®x'%<r>fmzm^ittmz'% 2 <m 
mmzm^tzm®zmz}:tfX'Z&. zcotzfr. *« 
mzxtm. 1 m^zimtxmzwmmzm 

[0066] %Mk3im<7)%mz xtiit. m 1 <m® 

-%W : y 'J 3 vmcmisLX^h . y'J3 yK-ftM^ # 
tf£ffiig$iJtcJ:*i«\ Sill^ffil§#JKg#2ft.|>t#tt£ 

[0067] |«^4 %m<F>%mz Xtilf , IS 1 ^J9fS 
fflS-fflv^WStCcfc 0 . 'J n y^Uios^M 0 0 

mmtztiz. ceo 2 z<£tsm2m®mte. 

WfcWaftBMttJRfcSgR"*-* £ k «. . 

[0068] mm5im<o%mz jfiar . s 1 *>w» 
ft. *SMBtj:ixtf, mmumza^hxiv-r-y 

[0069] H$B6EttftftB)fc:J:tilf . flfflj 
fflv vc ^ >j 3 yiMfcRoS* £«ftfc«fc» 2 (OSfSSfl 

ifitf, »2W5if««ij«oflHtfc«ptt**ijfflur, 

[ 0 0 7 0 ] mRmiffivftwiz £tu$. sog^ 
^hztiz**), mt*ommizisvaywiittmcr>m& 

.Ik 

[007 1 ] H*J|8IBttftSI>>Btc J: , B P S G£ 

[00723 rnmnm^m^z xtm. >> y 3 
■r k #t*s h. y y 3 yiwui^RSfc#fr*£4> 



g 2 ftffi**fofthfctttt*f!Jii LT . JWs«tc»aft 

[007 3 3 mm 1 08E*ft*D!fc J: . v y 3 y 
iMURft^BKOx 7 hXyf-y^JfrM kKJ: 0 . 

«***ow*k, y 3 ^irtuii^gas* <r 

[0074] fl^JS 1 1 K*ft»BfcJ:*itf , vSttil® 
ft*£H*fc U")x7 hxyf^fctr a £k0*C* 
4. ±ia^)'7x7hx>yf-y^{cJ:Wf. #8t$£ttm 
UTV^^y3y^tli*^x7 NX-yf-y/(Cj;oT 
(fe*3*iSftSrto±"f £tf)fcft. 

[0075] ar^a 1 2ie«sw^t «twf. ^ y 3 y 

[0iBft«**KW] 

[HI] *«HBoHifco»li 1 cO^ft^SoM^ 
yyX'foh. 

[ II 2 ] *%^<0Httft^tt 1 «. gH^M 

[ H 3 ] *%B|;a£ttft£!i 1 <^m»««jl<0»5t* 
ftSrK»>W-6fcftft0 {%<?>1 ) X'hh. 

t H4 ] *m<ommcoBB 1 ft*»*ii{tfti8t* 

Jfe^ftW&fcftftH (*ft2) T*>4. 
[05] *»fl<09«tft^B 1 ft*W*tSjtft«t* 

iS^RHBtifcftftH (*ft3) rfc*. 
[ h 6 ] *m<omm<mm 1 ft**«« if ftsawsr 
ss»W4fcft»a <-eft4> t*>*. 

[07] *%«^ltft^S 1 ^^ftHScOMit^ 
S*»«»t6fcftftH (*ft5) TJ>4. 

[08 ] xmmmmmi mmmm^tmn 
mzmm-ztztbcom ( e > r*>* . 

[09] *^oHifecD^S 2 ^^ft^S^S^t^ 
ftSrRBBt&fcftftH (*ftl ) 
[010] *%BBwHSl0^ffii 2 <7)^«:gBc7)Mji 

[011] *«Bjj*>Htt«)#» 2 co^frgBco»it 

*&*»BH-r*fcftft£a (-tft3 ) x'&h. 

[012] *^(oHtk<o«fli 2 a^ftSSftSBft 
*«*«HBtftfcftftH (*ft4 ) -C*4. 

[013] *ftBj]a!dfcft»ai 2 co^*^fiw!8J§ 
*S*RBB-*-6fcftftH (fft5 > 

[0143 *9^oHtfe<o«]|| 2 o^gftiilB^Siji 
ifcftftH (-?-ft6 ) 



(10)82000-6837 1 (P2000-683U5 



[sis] mn^im&nw&jmmwi-ht: 
i 0 1 6 ] mv^mwgimmwtmmm i tz 



£>O0 <*«>5) "Cfcft. 

10 i/'j3>||, 12. 14 Si0 2 Ji. 

13 s i nbl 1 6 mm. 1 8 mm . 

«, 20 SOG„ 



[01] 



[02] 




0 200 400 600 BOO 

DIFFERENCE IN LEVEL OF WAFER SORFACE [nn] 



[011] 



pliliiif 



... - 




(A) 




(B) 





(0 



[033 



[04] 



13 



STEP1 

1? ( STEP4 



JUI4 



16 1 2 — 16 1 p 16 ^S^m 



(A) 



(B) 



STEPS 
^ STEP7 




[05] 



19 1.3 14 12 STEP8 
^ 10 ^NTTThT^ooCmn] 




[06] 



1*? y 10 y 12 




fez* 



X 



STEP9 



(A) 



(B) 



(11) 82 000-68371 (P2000-68 3U5 



[H7] 



[08] 



10' 



12 V» 10 14 12 

T " 1 . I STEP 10 




(A) 



(B) 



14 10 14 



: : < g==== — 

(A) (B) 



[09] 



[01 0] 



STEP1 

13 I 
12 I STEP4 




12 ? Y 10 Y 12 V STEPS 



10^ 




13 14 



i0~& 




[013] 



12 V- 10 \ 4 12 



10' 



STEP10 



(A) 



(B) 



10' 




[014 ] 



14 10 14 




STEP! 1 



(A) 



(B) 



[016] 



[01 5] 



10-G 




10-E 




[018] 



1.2 V 10_\4 1 



(A) (B) 



lo- 



ll 13 ',4 1,0 \ 4 12 1, 



VZMZA 



(A) 



(B) 



[019] 



(A) 



(B) 



^-^^ 1 



